Extensive preclinical data implicate corticotropin-releasing hormone (CRH), acting through its CRH1 receptor, in stress-and dependence-induced alcohol seeking. We evaluated pexacerfont, an orally available, brain penetrant CRH1 antagonist for its ability to suppress stress-induced alcohol craving and brain responses in treatment seeking alcohol-dependent patients in early abstinence. Fiftyfour anxious alcohol-dependent participants were admitted to an inpatient unit at the NIH Clinical Center, completed withdrawal treatment, and were enrolled in a double-blind, randomized, placebo-controlled study with pexacerfont (300 mg/day for 7 days, followed by 100 mg/day for 23 days). After reaching steady state, participants were assessed for alcohol craving in response to stressful or alcoholrelated cues, neuroendocrine responses to these stimuli, and functional magnetic resonance imaging (fMRI) responses to alcohol-related stimuli or stimuli with positive or negative emotional valence. A separate group of 10 patients received open-label pexacerfont following the same dosing regimen and had cerebrospinal fluid sampled to estimate central nervous system exposure. Pexacerfont treatment had no effect on alcohol craving, emotional responses, or anxiety. There was no effect of pexacerfont on neural responses to alcohol-related or affective stimuli. These results were obtained despite drug levels in cerebrospinal fluid (CSF) that predict close to 90% central CRH1 receptor occupancy. CRH1 antagonists have been grouped based on their receptor dissociation kinetics, with pexacerfont falling in a category characterized by fast dissociation. Our results may indicate that antagonists with slow offset are required for therapeutic efficacy. Alternatively, the extensive preclinical data on CRH1 antagonism as a mechanism to suppress alcohol seeking may not translate to humans.
INTRODUCTION
Alcohol dependence (AD) is characterized by cycles of excessive alcohol consumption interspersed with intervals of abstinence, over time inducing persistent neuroadaptations that promote drug use (Heilig et al, 2010) . Relapse is a key element of this disease process, and is frequently triggered by exposure to stress or drug-associated cues (Brownell et al, 1986) . Blocking relapse induced by these types of stimuli is therefore a key objective for AD medications. Relapse has been modeled in experimental animals using reinstatement of drug seeking, following extinction (Bossert et al, 2013; Epstein et al, 2006) . Studies using this approach have shown that the opioid antagonist naltrexone, an approved alcoholism medication, blocks cue-induced but not stress-induced relapse (Le et al, 1999; Liu and Weiss, 2002) . In some individuals with stress-related alcohol use problems, such as those with posttraumatic stress disorder (PTSD), selective serotonin re-uptake inhibitors or the alpha-1 andrenergic antagonis prazosin may offer clinical benefits (reviewed in Ipser and Stein, 2012) . There are, however, no currently approved alcoholism medications that show consistently block stress-induced relapse. Developing such medications holds the promise of improving response rates in alcoholism treatment, through approaches that tailor treatment to individual differences (Heilig et al, 2011) , via additive effects with existing therapeutics (Liu et al, 2002) , or both.
Preclinical studies have identified several mechanisms with the potential to prevent stress-induced relapse in alcoholism (Heilig and Egli, 2006) . Among these, antagonists of the corticotropin-releasing hormone (CRH) 1 receptor are widely thought to hold particular promise. Specifically, CRH1 receptors within the extended amygdala are upregulated, following a history of AD. Accordingly, systemic administration of brain penetrant CRH1 antagonists to rats with a history of dependence suppresses their escalated alcohol self-administration and blocks stress-induced reinstatement of alcohol seeking in a manner independent of effects on the hypothalamic-pituitary-adrenal (HPA) axis (reviewed, eg, in Heilig and Koob, 2007; Zorrilla et al, 2013) . Translation of these findings has, however, been slow to materialize. The first CRH1 antagonist evaluated in humans, R121919, showed promise in depression (Zobel et al, 2000) , but its development was terminated due to safety issues widely shared by the first generation of CRH1 antagonists. CRH1 antagonists with improved safety followed, but yielded negative results both in depression (Binneman et al, 2008) and anxiety disorders (Coric et al, 2010) . Blockade of CRH1 receptors has to date not been evaluated in patients with AD, the condition with, perhaps, the most consistent preclinical validation for the CRH system as a target.
To begin addressing this issue, we applied a biomarkerbased experimental medicine strategy. Because CRH1 antagonists most effectively block stress-induced relapse and escalation of alcohol drinking in animals with elevated anxiety-like behavior (reviewed in Heilig and Koob, 2007) , we attempted to enrich for the population most likely to respond, and focused on anxious alcohol-dependent patients. Exposure to stressful stimuli under human laboratory conditions can be used to induce craving for alcohol (Kwako et al, 2014; Sinha, 2009) . Abstinent alcoholics show greater craving for alcohol and subjective distress compared with social drinkers when exposed to stressors such as personalized auditory scripts that evoke memories of stressful experiences . Craving for alcohol induced by these experimental manipulations predicts a significant proportion of relapse risk (Sinha et al, 2011) . The ability of candidate alcoholism medications to suppress cravings and emotional responses induced by experimental stressors can therefore be used as a surrogate biomarker predictive of clinical efficacy. Recent findings with gabapentin, a medication approved for treatment of seizures and neurogenic pain, support the notion that an ability to suppress alcohol cravings in response to the induction of negative emotions predicts clinical efficacy in alcoholism (Mason et al, 2014 (Mason et al, , 2009 .
Here, we carried out a double-blind, placebo-controlled experimental medicine study to evaluate pexacerfont, a selective, orally available and brain-penetrant CRH1 antagonist with potent anti-anxiety activity in experimental animals in the absence of HPA axis effects (Gilligan et al, 2009; Zhou et al, 2012) . We enrolled anxious, treatment-seeking alcoholdependent patients, and examined whether pexacerfont would reduce their stress-induced craving for alcohol or neural responses to stressful stimuli presented during functional magnetic resonance imaging (fMRI) sessions. To help interpret our results, we also examined plasma and cerebrospinal fluid (CSF) levels of pexacerfont.
MATERIALS AND METHODS

Subjects and General Procedure
Participants were recruited through advertisements, phone screened, and admitted to the NIH Clinical Center in Bethesda, MD where they underwent medically managed withdrawal, if needed. Once they had an undetectable breath alcohol concentration and did not require benzodiazepines for withdrawal, they were evaluated for eligibility. Detailed eligibility criteria are described at http://www.clinicaltrials.-gov/ct2/show/NCT01227980.
In brief, subjects were between 21-65 years old, diagnosed with AD according to the Structured Clinical Interview for DSM-IV (First et al, 1996) , had scores 439 on the Spielberger State Trait Anxiety Inventory-Trait Version (STAI; Spielberger et al, 1970) , and were in good physical health. They were excluded if they had complicated medical or psychiatric problems or were unable to participate in study procedures or provide informed consent. Informed consent was obtained as approved by the NIH Institutional Review Board.
Subjects in the main study were 55 individuals recruited during May 2011 to September 2013. Their baseline characteristics are presented in Table 1 . The sample size was based on the effect size for reduction in alcohol craving measured with the Alcohol Urge Questionnaire (AUQ; Bohn et al, 1995) under laboratory conditions, using the clinically approved alcoholism medication naltrexone, reported as et al, 2002) . Our sample size was chosen to detect an effect size of Cohen's d X0.8 with a power X0.80 at a two-tailed alpha of 0.05. Not all subjects successfully completed each procedure; n for each outcome is provided together with the respective results. Subjects were randomized to pexacerfont or matched placebo using a double-blind parallel group design with a 1:1 allocation. They received loading with 300 mg of pexacerfont given once daily for the first 7 days, followed by 100 mg once daily for 23 days, or placebo. Dosing was based on pharmacokinetic data indicating that by the end of a 1-week-loading phase, 490% of patients are above the projected human efficacious plasma pexacerfont concentration of 500 nM (Coric et al, 2010; Zhou et al, 2012) .
All participants remained hospitalized throughout the study, and participated in standard-of-care behavioral alcoholism treatment. Upon inclusion, they were evaluated for alcoholism severity using the Alcohol Dependence Scale (ADS; Skinner, 1984) , for family history of alcoholism using the Family Tree Questionnaire (FTQ; Mann et al, 1985) , for addiction severity phenotypes using the addiction severity index (ASI; McLellan et al, 1980) , for alcohol consumption in the past 90 days prior to admission using the Timeline Follow-Back (TLFB; Sobell et al, 1986) , for personality traits using the NEO Personality Inventory Revised (NEO; Costa, 2002) , for PTSD symptom severity using the PTSD Symptom Severity Interview (PSSI; Foa et al, 1993) , and for early life adversity using the Childhood Trauma Questionnaire (CTQ; Bernstein et al, 1994) .
Time points given below for the respective procedure are all based on Day 1 being the day of receiving the first dose of study medication.
Neuroendocrine Testing
To assess the functional status of the HPA axis, participants underwent a dexamethasone-CRH (dex-CRH) test around day 15, carried out as described previously (Rydmark et al, 2006) . Because of a temporary manufacturer shortage of CRH for human use, only a subset of 31 participants underwent this procedure.
Behavioral Challenge Sessions
Alcohol cravings and emotional responses were assessed in response to two sets of established challenge procedures. One of these combined the Trier Social Stress Test (Kirschbaum et al, 1993) with exposure to physical alcohol cues, ie, handling and smelling, but not consuming of each subject's preselected alcoholic beverage (Stasiewicz et al, 1997) . This combined challenge, hereafter called Trier/CR, was carried out as previously described (George et al, 2008; Kwako et al, 2014) , around day 18 of the study. The other challenge procedure, described in (Kwako et al, 2014; Sinha et al, 2011) , consisted of three sessions that used personalized auditory guided imagery scripts, each B5 min in duration, to present stress-, alcohol cue-associated, or neutral stimuli on days 24-26. The order of the script types was counterbalanced across subjects. Both challenge procedures (ie, Trier/CR and scripts) began at 3 pm to minimize differences in circulating cortisol.
During the challenge sessions, craving for alcohol was rated using the AUQ (Bohn et al, 1995) . The Subjective Units of Distress Scale (SUDS; Wolpe, 1969) , a visual analog scale ranging 1-100 was used to assess emotional responses. ACTH and cortisol were used as endocrine stress markers. A timeline for experimental manipulations and data collection in the two challenge procedures is shown in Figure 1 .
Functional Imaging
Around day 23 of the study, subjects underwent an fMRI scan. Imaging was on a 3T General Electric MRI scanner with a 12-channel head coil. Imaging paradigms included presentation of 130 negative, positive, and neutral pictures from the International Affective Picture System (IAPS; Lang et al, 1999) . Scrambled images were used as the control condition and displayed during the inter-stimulus interval (ISI; 1.5-14, average 3.2 s). The scrambled images, derived from IAPS images, preserved brightness and color but did not contain recognizable features. Images were presented in random order in one run lasting 8 min. A second paradigm presented 90 pictures of alcoholic and neutral beverages (eg, milk, orange juice) in random order in a run lasting 6 min. Finally, 130 emotional (fearful, angry, happy, and neutral) faces (Matsumoto and Ekman, 1988) , or a nonemotional control cross-hair (ISI), were presented for 8 min, in random order. Whole-brain images were collected for B22 min. fMRI data were analyzed using Analysis of Functional Neural Images software (Cox, 1996) . Statistical maps were generated for each individual by linear contrasts between regressors of interest (negative and positive IAPS images; alcoholic and non-alcoholic beverages; happy, neutral, and fearful faces). Preprocessed time series data for each individual were then analyzed by multiple regression, which allowed covariation of variables related to head motion and other relevant factors such as, eg, subject age. We also calculated a statistical map of the activation within each group (pexacerfont and placebo) for each contrast of interest. Each condition was compared with the baseline scrambled image. We then performed voxel-wise t-tests of the b-coefficients calculated from the general linear model to test for differences between pexacerfont and placebo groups for each condition.
Pexacerfont Quantification in CSF and Plasma
To estimate central nervous system (CNS) exposure, we conducted a separate study (May to September 2013). A separate group of participants (n ¼ 10) was used in order to avoid influence of stressful effects of the spinal tap procedure on psychological and neuroendocrine outcomes. Individuals were recruited and screened as described above and received open-label pexacerfont using the dosing regimen of the main study. Their baseline characteristics did not differ from those of the main study sample (Supplementary Table S2 ). Within the last week of treatment, trough samples were obtained in the morning for the analysis of drug levels in plasma and CSF.
Pexacerfont quantification was performed by a novel ultrasensitive liquid chromotography-high resolution mass spectrometry method. Details of sample preparation procedures, analytical method, and performance parameters are provided in Supplementary Materials. Method validation was performed for both CSF and plasma matrices and included linearity; limits of detection (LOD) and quantification (LOQ); imprecision; accuracy; process efficiency; matrix effect; specificity; carryover; autosampler and short-term stability studies; and dilution integrity.
The assay was linear from 0.025 to 10 mg/l (CSF matrix) and 0.025 to 25 mg/l (plasma matrix) with an average (n ¼ 5) determination coefficient 40.994, and 1/ Â 2 weighting. Residuals were always o20% for each calibrator. Linearity was thus considered acceptable. LOD and LOQ were 0.001 mg/l and 0.025 mg/l for both plasma and CSF. Total imprecision (n ¼ 15, %CV) was o6 and o8% for CSF and plasma, respectively. Intra-day (o5 and o6%) and interday (o3.6 and o5%) imprecision were acceptable. Accuracy also satisfied the criteria; QCs were quantified between 93 and 105% of theoretical concentrations.
Statistics
Behavioral data were analyzed using PROC MIXED for mixed-effect modeling in SAS version 9.3 (SAS Institute, Cary, NC), with treatment (pexacerfont/placebo) as the fixed, between-subjects factor. Repeated within-subject factors included time point (both Trier/CR and scripts outcome measures) and, for the scripts challenge, script condition (neutral, alcohol cue, or stress). Significance was set at po0.05 for all tests, and all post hoc comparisons were Figure 1 Timeline for procedures and data collection during challenge sessions used to provoke alcohol craving, subjective distress, and neuroendocrine responses used as biomarkers in this experimental medicine study. Upper panel: sessions utilizing guided imagery induced by auditory scripts; lower panel: sessions utilizing a combination of a social stress task and presentation of physical alcohol cues ('Trier/CR').
conducted using Tukey's Honestly Significant Difference (HSD) test. Potential covariates were evaluated on a modelby-model basis such that covariates that significantly predicted the outcome measure were retained in the model. Covariates that were evaluated included gender, race, age, ADS score, family history density from the FTQ, total score from the ASI, number of heavy drinking days from the TLFB, total score from the CTQ, neuroticism score from the NEO, overall PTSD symptom severity at baseline from the PSSI, and trait anxiety at baseline from the STAI. Model-specific covariates are noted in the relevant figure legends. The Kenward-Roger correction for denominator degrees of freedom (Kenward and Roger, 1997) was used in all models, as the use of this correction is highly recommended in repeated measures models with more complex covariance structures, especially when there is an unbalanced design (Littell, 2006) .
RESULTS
Guided Imagery Challenge Session
Craving responses. Exposure to guided imagery scripts reliably induced craving, as measured by the AUQ (Figure 2a ). Specifically, whereas there was no main effect of script type, there was a significant main effect of time (F(7,281) ¼ 2.87, p ¼ 0.007) such that craving increased significantly during the first 5 min of script presentation, and a significant time by script-type interaction (F(14,589) ¼ 2.79, p ¼ 0.001). Post hoc analysis showed that craving at 5 min was higher following both the alcohol script and the stress script compared with the neutral script, supporting the validity of the design. There was, however, no main effect of pexacerfont treatment on craving in response to the stress (F(1,50) ¼ 1.53, p ¼ 0.22; Figure 2b ) nor the alcohol script (F(1,51) ¼ 1.28, p ¼ 0.26; Figure 2c ).
Subjective distress responses. Script exposure also induced subjective distress responses, as measured by the SUDS (Figure 3a) . In this case, there was a significant main effect of script type (F(2,91) ¼ 4.18; p ¼ 0.018), a significant main effect of time (F(7,273) ¼ 5.23; po0.0001), and a significant time by script-type interaction (F(14,557) ¼ 4.44; po0.0001). Post hoc analysis showed that distress ratings at 5 min were higher, following the stress script than the neutral script, while this was not the case for the alcohol script. There was, however, no significant effect of treatment on distress Figure 2 Alcohol-craving response to the guided imagery challenge session. (a) Effect of script type on alcohol craving. Covariates in the model included gender, years of education, and the total score from the ASI. The þ indicates a significant difference between the 5 min and À 15 min points (Tukey, po0.05), whereas the * indicates a significant difference from the neutral script for both the alcohol and stress scripts (Tukey, po0.05) at the 5-min time point. The sample size for this analysis was reduced due to missing data from the ASI for some of the subjects. 
Trier/Cue-Reactivity Session
Craving responses. In response to the Trier/CR, there was a significant main effect of time (F(4,209) ¼ 9.38, po0.0001; Figure 4a ), such that craving for alcohol was significantly increased over baseline at 40 min. There was no effect of treatment on craving in response to the Trier/CR (F(1,67) ¼ 2.759 p ¼ 0.11), although participants on pexacerfont showed slightly higher numerical craving ratings compared with placebo.
Subjective distress responses. In response to the Trier/CR, there was a significant main effect of time (F(4,177) ¼ 9.13, po0.0001; Figure 4b ), such that distress ratings were significantly increased over baseline at 20 min. There was no main effect of treatment on subjective distress in response to the Trier/CR (F(1,54) ¼ 1.42 p ¼ 0.24) . Neuroendocrine responses. In response to the Trier/CR, there was a significant main effect of time (F(8,378) ¼ 20.99, po0.0001; Figure 4c ) on cortisol levels, such that cortisol was significantly increased over baseline by 20 min. A similar effect was observed for ACTH (main effect of time: F(8,373) ¼ 20.2, po0.0001; Figure 4d) , with ACTH levels significantly increased over baseline by 20 min. These HPA axis responses were similar to what we have previously observed in this model (George et al, 2008) . There was no effect of pexacerfont treatment on either cortisol (F(1,61) ¼ 0.19; p ¼ 0.59) or ACTH levels (F(1,74) ¼ 0.01; p ¼ 0.96) during the Trier/CR.
fMRI
In the placebo group, the expected response to fearful vs neutral faces was observed in the right amygdala (Figure 5a ). There were no significant effects of pexacerfont treatment on this neural activation (Figure 5b ). To minimize the likelihood of a Type 2 error, results were not whole-brain corrected. Similar to the face responses, no effect of pexacerfont was found for the other stimulus categories (data not shown).
dex-CRH Test
There were significant main effects of time on both cortisol (F(8,233) ¼ 7.68, po0.0001) and ACTH levels (F(8,232) ¼ 7.16, po0.0001) in response to the CRH challenge, with levels increasing over time for both measures (Supplementary Figure S3 ). There was no effect of pexacerfont treatment on either cortisol (F(1,37) ¼ 0.13; p ¼ 0.72) or ACTH (F(1,37) ¼ 0.09; p ¼ 0.76) during the dex/CRH challenge.
Pexacerfont Quantification in CSF and Plasma
Total plasma pexacerfont concentrations at trough were 765.7 ± 95.7 nM (mean ± SEM). Free pexacerfont in human plasma constitutes B3.9% of the total concentration (Zhou et al, 2012), yielding an estimate of free plasma pexacerfont in our study of B30.0 ± 3.7 nM. Corresponding CSF concentrations were 36.4±5.1 nM, in close agreement with prior animal data, indicating a ratio between free pexacerfont in plasma and CSF close to unity (BMS, data on file). There was a high correlation between plasma and CSF levels (R 2 ¼ 0.89, po0.001; Supplementary Figure S5 ). Based on the measured CSF concentrations and an estimated K d of pexacerfont for the human CRH1 of 3.6 nM, central receptor occupancy (RO) was estimated to 89.3±3.2% (mean±-SEM).
DISCUSSION
We report that the orally available, brain-penetrant CRH1 antagonist pexacerfont failed to display activity across a range of behavioral, neuroimaging, and neuroendocrine outcomes when evaluated in alcohol-dependent inpatients during early abstinence. Pexacerfont left stress-induced alcohol craving as well as emotional distress responses unaffected in two different challenge models: guided imagery induced by auditory scripts, and the Trier/CR, a procedure that combines a social stressor with exposure to physical alcohol cues. fMRI BOLD responses to aversive as well as alcohol-associated stimuli were also unaffected by pexacerfont. A separate study showed that drug levels achieved in plasma were similar to those in a prior trial (Coric et al, 2010) , and additionally provided the first human data on the resulting CNS exposure, assessed by drug levels in CSF.
Our study obtained craving-and distress-responses of a magnitude very similar to that reported in non-selected alcohol-dependent patients (see eg, Sinha et al, 2011) , and shown to be sensitive to pharmacological effects (Fox et al, 2012) . We did not directly evaluate the clinical efficacy of pexacerfont in alcoholism, and limited data are available to determine the predictive validity of the surrogate markers we obtained. The outcomes we evaluated are, however, in close homology with behaviors assessed in preclinical studies and thus appropriate for an initial translational study. Specifically, extensive preclinical findings predict that central CRH1 blockade will suppress stress-induced alcohol seeking, emotional distress, and underlying neural activity in alcohol-dependent individuals. In rats, nonselective and CRH1-selective antagonists block stress- induced relapse-like behavior (Gehlert et al, 2007; Le et al, 2000; Liu et al, 2002) , and escalated alcohol self-administration that results from a history of dependence Gehlert et al, 2007) or is induced by the pharmacological stressor yohimbine (Marinelli et al, 2007) . Non-selective CRH or selective CRH1 antagonists also block the sensitized emotional stress responses observed in animals with a history of AD (Sommer et al, 2008; Valdez et al, 2003) . Activity of CRH1 antagonists in these models is thought to reflect blockade of upregulated CRH transmission within the amygdala complex (Funk et al, 2006; Sommer et al, 2008) and effects in the dorsal raphe nucleus (Le et al, 2002 (Le et al, , 2013 , while being independent of the HPA axis (Le et al, 2000; Marinelli et al, 2007) .
The affinity of pexacerfont for the CRH1 receptor is lower than that of some compounds that have been used in preclinical studies, such as, eg, MTIP used in our own prior work (for comparative data, see Zorrilla et al, 2013) . However, in vivo potency of pexacerfont in animal models appears comparable or superior to that of commonly used reference compounds. For instance, pexacerfont was effective in two rat models of anxiety at 10 mg/kg (Gilligan et al, 2009) , whereas a dose of 20 mg/kg of antalarmin was required for anxiolytic-like effects in an overlapping set of models (Zorrilla et al, 2002) . Prior to our human study, we carried out experiments to confirm the comparative in vivo potency of pexacerfont in a rat model of an alcohol-related behavior, and found that its systemic administration was 3-10 times more potent to reverse 'hangover anxiety' than that of MTIP (pexacerfont: Supplementary Figure S6 ; MTIP: Gehlert et al, 2007) .
The potential for attenuating physiological HPA axis activity represents a potential safety concern with CRH1 antagonists. The observation that pexacerfont left the HPA axis response to stressors unaffected was, however, expected because animal studies have shown that CRH1 antagonists suppress behavioral stress responses including alcohol seeking through central, extrahypothalamic systems, in the absence of HPA axis effects (see eg, Gehlert et al, 2007; Le et al, 2000) . Estimating central RO achieved by CRH1 antagonists is therefore critical for properly interpreting clinical results obtained with these drugs in behavioral disorders, but remains challenging in the absence of a displaceable PET ligand. Modeling has predicted central RO in excess of 80% following pexacerfont loading with 300 mg daily for a week followed by the administration of 100 mg daily (Coric et al, 2010; Zhou et al, 2012) , but considerable uncertainty is inherent in these predictions. It has therefore remained unclear whether negative clinical findings with CRH1 antagonists like pexacerfont in generalized anxiety disorder (GAD; Coric et al, 2010 ) reflect a true failure of the mechanism, or insufficient CNS exposure. We used the same dosing regimen as Coric et al, 2010 , and obtained for the first time human data that provide an indication about CNS exposure. The estimated central RO in our study was close to 90%, in good correspondence with the modeling predictions. A previous study showed that 50% central CRH1 RO was sufficient for activity of a CRH1 antagonist in a rat anxiety model (Gilligan et al, 2000) . Together, these data make it unlikely that insufficient CNS exposure accounts for the lack of pexacerfont activity in the published GAD trial, or in our present study.
Our study adds to a growing list of negative clinical trials with CRH1 antagonists in stress-related psychiatric disorders, including major depression (Binneman et al, 2008) , GAD (Coric et al, 2010) , and now AD. An important limitation of our study is the large male population examined. Nevertheless, these negative results, obtained despite considerable promise in preclinical models, are as surprising as they are disappointing. We can offer two different accounts for them, with very different implications. According to the first of these reviewed in Zorrilla et al, 2013, CRH1 antagonists with similar nominal receptor affinity may exhibit critically important differences in residence time on the receptor, reflected in their receptor dissociation rate under in vivo conditions. This account holds that slow off-rates are required for efficacy. Accordingly, R121919, for which positive results were reported in depression (Zobel et al, 2000) , exhibits a slow off-rate, with a dissociation t 1/2 , an order of magnitude longer than those for CP316311, and pexacerfont. A second possibility that unfortunately cannot be excluded is that consistent observations of behavioral anti-stress effects of CRH1 antagonists in commonly used animal models simply do not translate to human disease conditions, for reasons that presently remain unknown.
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